Objective-To evaluate different methods of examination of the bowel in suspected inflammatory bowel disease. Design-Prospective investigation of all children over a three year period with suspected inflammatory bowel disease. A technetium-99m-HMPAO labelled white cell scan (Tc-WCS), barium follow through examination (Ba-FT), and colonoscopy plus biopsy were undertaken. Setting--Great Ormond Street Hospital for Children, London. Subjects-39 children (20 male and 19 female), median age 12-1 years (range 3-9-15-1 years). Main outcome measures-There was total agreement in 21/39 cases, positive in 16, and negative in five. Of 31 histologically proved cases, positive results were obtained in 28 Tc-WCSs (sensitivity 90%), 10 of 24 Ba-FTs (sensitivity 42%), and 27 colonoscopies (sensitivity 87%). Conclusion-The Tc-WCS is sensitive, specific, and non-invasive and should be a first line investigation. Ba-FT with a high radiation burden and relatively low sensitivity requires its role to be redefined. Colonoscopy, with endoscopic biopsy, has a high pick-up rate where facilities and expertise exist.
The diagnosis of inflammatory bowel disease in children is challenging and the final diagnosis may only be made after repeated investigations and a lapse of time.' In recent years white cell scanning has been advocated to demonstrate areas of inflamed bowel. Our unit has previously described the use of indium-11 tagged white cells for this purpose. 1 2 However, this technique is associated with a high radiation burden. We wish to limit both radiation dosage and interventional procedures to the minimum consistent with adequate management. The advent of technetium-99m hexamethyl-propyleneamine oxime (Tc-HMPAO) allows superior imaging with a reduced radiation burden, using a more easily available isotope and a simple labelling technique. This investigation has been described in both adults-5 and children. 6 We present a series of children investigated prospectively using the Tc-HMPAO white cell scan (Tc-WCS), and investigate its usefulness by comparing it with barium follow through examination (Ba-FT) where available, colonoscopic findings, and histological results from multiple colonoscopic biopsies.
Patients and methods

PATIENTS
During the period 1990 to 1993, 39 children (20 male and 19 female) were investigated prospectively for possible inflammatory bowel disease. The median age was 12-1 years (range 3-9-15-1 years). All patients had a Tc-WCS and colonoscopy with endoscopic biopsy performed, as well as an estimation of the erythrocyte sedimentation rate. Where appropriate Ba-FT examination was performed unless a previous Ba-FT had been undertaken within the preceding year. Only examinations performed within a maximum time span of 30 days were included (median three days inclusive, minimum two days, maximum 29).
METHODS
In vitro labelling of granulocytes with Tc-HMPAO was performed using a standard commercial preparation (Ceretec, Amersham International plc) by a method similar to that described by Schiimichen and Scholmerich7; 200 MBq of isotope, scaled to the body surface area, was used. Anterior and posterior abdominal images were obtained at 20 minutes, one hour, and three hours on an Elscint LFOV gamma camera with a high resolution collimator linked to a dedicated Elscint computer. The scans were judged to be abnormal if activity was seen in the gut on the early images. Activity within the gut appearing only after three hours was taken to be normal. Quality assurance was assessed from the biodistribution in every case. No technically unsatisfactory scans occurred.
Ba-FT was performed using a low density barium (Micropaque 70% w/v), after a barium meal. A series of supine abdominal radiographs were taken, timing dependent upon the rate of transit through the bowel, with fluoroscopy and 100 mm camera images of the terminal ileum and other areas of interest as required.
Colonoscopy was performed using an Olympus PCF-20 colonoscope under intravenous sedation using pethidine (1 mg/kg) and either diazepam (0-3 mg/kg) or midazolam (0-1 mg/kg). In one patient an ileoscopy was performed via the stoma, after previous total colectomy. The proportion of the colon seen at endoscopy was recorded. Histological biopsy specimens were taken in all 39 patients, colonic and rectal in 38 (excluding the patient with the previous ileostomy), and the terminal ileum in 12. Several specimens were taken from any given area and the site recorded; they were assessed by an experienced paediatric histopathologist.
The erythrocyte sedimentation rate was measured using standard laboratory techniques by our haematology department. A figure in excess of 20 mm/hour was considered to be abnormal.
ANALYSIS
The report of each examination was classified as positive or negative for inflammatory bowel disease, and the site of any positive findings was recorded; all information was then tabulated (see Crohn's disease 55
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Non-specific ileal there was at least one disagreement between imaging modalities and the histological results. Of the 18 cases where there was discordance of the imaging modalities, three showed negative histology. Of these, one case (No 6) was interpreted as showing positive findings of inflammatory bowel disease on Ba-FT, with a negative Tc-WCS, and an erythrocyte sedimentation rate of 15 mm/hour; endoscopy and histology showed lymphoid hyperplasia of the terminal ileum. In the second case (No 7) there was a positive Tc-WCS and a positive Ba-FT (figs 1 and 2), with the area of abnormality localised to the proximal ileum in both cases. The erythrocyte sedimentation rate was raised at 55 mm/hour. Colonoscopy was normal up to and including the terminal ileum. In the last case (No 8) there was a positive endoscopic report and the Tc-WCS was positive, with no Ba-FT performed and a raised erythrocyte sedimentation rate of 22 mm/hour. Previous endoscopy, Ba-Fr, and endoscopic biopsy had demonstrated Crohn's disease 12 months before. Cases 7 and 8 have therefore been considered as histologically negative but on overall clinical evaluation as suffering from Crohn's disease.
In four cases, colonoscopy was normal but the histological biopsy specimens were positive. Case 9 had negative results on all three imaging techniques. Cases 10 and 1 1 had positive Tc-WCSs, both with negative Ba-FTs. The last, case 12, had a negative endoscopy and Tc-WCS, with no Ba-FT performed. In one case (No 13) both the Tc-WCS and Ba-FT were negative, with positive endoscopy and histological biopsy. In 10 cases (Nos 14-23) with histologically proved disease there was a negative Ba-FT, with the Tc-WCS and endoscopy being positive. One of these (No 14) was a technical failure as described above. Eight cases (21%) showed negative findings on histology, one female and seven males, average age 11 Ba-FT examinations were performed in 31 cases, being positive in 10 of 24 histologically proved cases (sensitivity 42%) and negative in five of seven histologically negative cases (specificity 71%). Using the clinical criteria, as above, the sensitivity would be 44% and specificity 83%.
Colonoscopy was positive in 27 out of 31 histologically proved cases (sensitivity 87%) and negative in seven of eight negative cases (specificity 88%). Using clinical rather than histological criteria gives a sensitivity of 85% and specificity 100%. Colonoscopy was performed as far as the splenic flexure in all cases (except the one postcolectomy patient). The caecum was seen in 20 of these 38 cases (53%) and the terminal ileum in 12 (32%).
Discussion
In inflammatory bowel disease, particularly in Crohn's disease, symptoms and signs may be subtle and lead to considerable delay in the establishment of a diagnosis.' In the absence of any known aetiological agents, the histologist remains the final arbiter in the classification of inflammatory bowel disease, but imaging is of considerable importance in diagnosis and patient management.
To establish the diagnosis of inflammatory bowel disease in children it is important to use the least invasive techniques possible and the minimum radiation burden compatible with a high sensitivity and specificity. The present study was undertaken prospectively to evaluate the roles of the Tc-WCS, Ba-FT, and colonoscopy in the diagnostic process. The histology of the large bowel and ileum were taken as the reference standard for determining sensitivity and specificity. In 17 of the 31 cases in which histological changes of chronic inflammation were seen, the specific cause of the inflammatory bowel disease was ascertained. In the other 14 cases, non-specific changes were noted. Chong et al have compared the endoscopic biopsy findings and the histological results from surgical resections with clinical, radiological, and endoscopic findings.8 9 significantly more duodenal/jejunal disease and less terminal ileal disease than in adults, and that the terminal ileum is more likely to be normal in children with small bowel disease than in adults, thus increasing the likelihood of negative ileal biopsy specimens in Crohn's disease. 10 The use of radiolabelled leucocytes in the investigation of inflammatory bowel disease was first described in adults by Segal et al I I in 1981 using indium-I 11 and by Schumichen and Scholmerich7 in 1986 using Tc-HMPAO. We have previously found indium-I 1 1 labelled white cell scans to be useful in the diagnosis of inflammatory bowel disease in childhood, but at the cost of a large radiation dose.2 Tc-HMPAO gives superior images to indium, with a more suitable gamma energy and decreased radiation burden, with no beta particle emissions. The isotope is readily available in most departments. Its use in children has been ;~~~~~FO2S,T9 til I fF-;T4>t. previously described6 12 but without comparison with other techniques and without strict histological correlation. We have not attempted to grade disease activity as they have but we have also used a lower dose than in those two studies, which were based on a 740 MBq adult equivalent. Our results show a high sensitivity (90%) for this relatively non-invasive technique and a specificity of at least 75% and probably approaching 100% if one uses the final clinical diagnosis as the reference method.
One of the disadvantages with Tc-WCSs is the difficulty of localising abnormal activity which may be in either the large or small bowel. Three sets of images over a three hour period does go some way to help, but accurate differentiation was not possible in many cases. We have found the use of posterior imaging to be of help in differentiating areas of increased activity in the distal colon and rectum from intrapelvic small bowel (fig 4) .
A review of the results of the Ba-FT studies performed in this series of patients shows an expected preponderance of abnormalities seen in the small bowel and terminal ileum, the bulk of these cases being Crohn's disease or the non-specific group. Abnormalities in Crohn's disease were seen exclusively in the small bowel and in ulcerative colitis cases, exclusively in the large bowel. Lipson et al have compared the value of Ba-FT with ileoscopy with biopsy in children with Crohn's disease and found it to be highly sensitive.13 In our series three out of four cases examined where Crohn's disease was identified on biopsy showed abnormalities on the Ba-FT. Also noted was the diagnostic confusion seen where lymphoid hyperplasia was present. As our diagnostic criteria are somewhat different, leaving a large group with non-specific inflammatory bowel disease, it is likely that the sensitivity for Crohn's disease is similar. The Ba-FT examination is an exacting examination, and it is vital that frequent fluoroscopy and compression views are obtained.14 This makes the examination operator dependent. In the general investigation of inflammatory bowel disease the sensitivity and specificity are as expected lower than for Crohn's disease alone (42% and 71% respectively). Situations can also arise where despite the best efforts of experienced staff, patient cooperation cannot be assured, as in case number 14. The importance of a large volume of barium taken over a short period of time in optimising results has been J7obling, Lindley, Yousef, Gordon, Milla stressed frequently.'5 This can prove difficult to accomplish particularly in younger children, and may occasion the use of intubation techniques. Together these factors result in a degree of patient stress and a considerable radiation burden. Some have felt that the rate of complicated Crohn's disease, in which the anatomical information available at follow through is of great value in the planning of operative intervention, is lower in children.10
Our rate of terminal ileal visualisation at endoscopy is lower than reported by some centres,'2 but the examination was terminated if the clinical information required had been obtained. The four cases of negative endoscopic findings where positive histological biopsy specimens were obtained (13%) serve once again to demonstrate the value of multiple biopsies in all patients, irrespective of endoscopic appearances.
CONCLUSION
For a child with suspected inflammatory bowel disease, colonoscopy with biopsy remains the investigation of choice for establishing the diagnosis. A Tc-WCS offers a non-invasive screening technique with a low radiation burden and a high sensitivity and specificity. The role of the Ba-FT requires re-evaluation. This study suggests that in the initial work-up for suspected inflammatory bowel disease there is no role for the Ba-FT. In those cases where a negative colonoscopy but positive Tc-WCS raise the possibility of Crohn's disease localised to the small bowel, the Ba-FT may be useful to define the presence of anatomically abnormal bowel. Certainly a follow through examination is indicated in children with established disease where surgery is being contemplated for a complication of inflammatory bowel disease. However, in a child with an established diagnosis of inflammatory bowel disease in whom the activity of the inflammatory bowel disease is being questioned, we feel that the combination of a Tc-WCS and erythrocyte sedimentation rate is adequate in the absence of surgical complications.
